Environmental degradation is costly-to individuals, to societies and to the environment. This paper makes these costs clear in the context of Morocco, a country marked by rapid economic development and urbanization. Although Morocco has made impressive efforts to strengthen its policies and strategies to protect its environment and natural resources, environmental degradation is still an issue. Using the most updated methodology and data sources, the paper estimates that environmental degradation imposed costs on Moroccan society of about US$3.9 billion, or 3.5 percent of the country's GDP in 2014. Water-related problems and air pollution are the most pressing challenges, followed by agricultural land degradation. Based on these findings, the paper provides guidance for an improved management of the country's environmental priority areas.
Introduction
Environmental degradation is a major concern in many countries. Industrial production often discharges pollutants into rivers, preventing the use of these resources for other purposes. Unsustainable agricultural practices reduce crop productivity and cause dam sedimentation. These and many other forms of environmental degradation cause real costs to the economy and to people's welfare.
Yet, these costs often go unmeasured, and thus, their magnitude is unknown.
Therefore, a country has typically insufficient information about the level of environmental damage, let alone to reduce or reverse that damage.
Since 2000, the World Bank has conducted a systematic effort to measure the cost of environmental degradation (COED) at the national levels in several countries of the Middle East and North Africa region. The COED ranged between as little as 2.1 percent to as much as 7.4 percent of the gross domestic product (GDP) for different countries [1] . This work has not only raised the countries' awareness on the magnitude of the environmental damage, but was also instrumental in increasing budgetary allocations for environmental protection in the region [2] .
Morocco has the most competitive economy in North Africa [3] . In addition, over the past decade, the Government of Morocco has invested heavily to strengthen its policies to protect its environment and natural resources [4] . In this light, the National Sanitation Plan (Plan national d'assainissement), the National Program of Municipal Waste (Programme national des déchets ménagers et assimilés), the Program against Diarrheal Disease (Programme de lutte contre les maladies diarrhéiques) and the National Action Program on Fight against Desertification (Programme d'action national de lutte contre la desertification)
are just a few examples of successful efforts conducted by the Government during this period.
Despite these efforts, economic development puts pressure on environment, through air, water and land degradation. Aware of these problems, the Government of Morocco requested the World Bank to conduct a comprehensive study that estimates in monetary terms the COED at the national level. This paper provides a methodology to estimate the COED and the results of its application in Morocco. The work has been carried out during 2015-2017, based on secondary information collected from Government institutions, national statistics and scientific literature [4] .
Objective and Scope
This paper provides an order of magnitude of the COED at the national level in Morocco. The valuation covers impacts on the following environmental catego-
• Water: impacts of different water-related problems (e.g. dam sedimentation, groundwater overexploitation, wastewater discharge in rivers, wetland degradation) on the environment and economy; and the consequences of inadequate water supply, sanitation and hygiene on health.
• Air quality: impacts of ambient and household air pollution on human health, in terms of mortality and morbidity due to exposure to fine particulates (particulate matter with diameter less than 2.5 microns, PM 2.5 ).
• Agricultural land: impacts of land degradation on productivity of croplands (e.g. due to erosion and salinization) and rangelands (e.g. due to clearing, desertification and overexploitation).
• Forests: losses of forest goods (for example, timber, firewood, and non-wood forest products) and services (such as watershed protection and recreation) 1 Some of the following categories can overlap. For example, damages to coastal zone can derive from waste discharge in the sea. In these cases, the value of damages has been estimated and considered in one category only, to avoid double counting. Journal of Environmental Protection due to deforestation and forest fires.
• Waste: damages from the inappropriate collection, transport, and disposal of municipal and hazardous waste on the environment and public welfare.
• Coastal zone: losses of fisheries and recreational opportunities due to unsustainable activities on the coast.
• Global environment: impacts of economic activities on carbon dioxide (CO 2 ) emissions in the atmosphere.
It should be noted that certain activities cause short-term impacts: for example, certain health problems caused by air pollution last from a few weeks to several months (bronchitis, respiratory symptoms). Other activities have long-term impacts: deforestation causes ecosystem losses that may take years to recover.
This study estimates the value of both short-term and long-term impacts caused by activities occurring during the reference year. Thus, it measures the present value of current and future costs imposed by environmental degradation that occurred in 2014. The study uses a 6 percent discount rate [5] The final estimate is then expressed in terms of percentage of the country's gross domestic product (GDP) for the year 2014. This makes it intelligible to both policy makers and the general population [6] . In addition, it allows for comparisons of COED estimates among different countries; and among different damage costs within the same country.
Methodology
For each of the seven environmental categories mentioned above, the study estimates the impacts of environmental degradation through several valuation methods. Table 1 provides a summary of these methods, while the following paragraphs briefly describe their application for specific impacts. For a detailed description of the valuation methodology, several publications are available [7] [8] [9] [10] [11] .
The COED is estimated based on standard valuation techniques, with the specific approaches chosen based on data availability. When sufficient data are available, damages are assessed using demand curve approaches, as exemplified below:
• market pricing: to estimate losses of wood due to deforestation based on the producer's price or to value forgone benefits from re-using waste oil based on the local oil price.
• substitute goods method: to estimate losses of fodder due to deforestation, based on the price of barley, as fodder substitute.
• hedonic price method: to value the depreciation of land located in the proximity of dumpsites, based on differences in price of properties with similar characteristics. 2 Assuming that a person of average age will benefit from environmental services for another 25 years. • change in productivity: to estimate the impact of land degradation on agricultural production, based on cause-and-effect relationships between erosion/salinization and agricultural yields.
• opportunity costs: to estimate forgone benefits from waste, based on their potential use value in electricity and recycling.
• cost of health: to estimate the cost of premature mortality due to air pollu- When data are insufficient to apply demand-curve approaches, losses are assessed using cost-based methods. For example, losses due to siltation of dams, overexploitation of groundwater and discharge of domestic and industrial water are estimated through the restoration cost method, which estimates the value of damage through the cost of restoring the environmental benefits lost to degradation. In cases where such information was not available, the benefits transfer method is used, by applying results from studies undertaken in similar contexts. . Third, the lack of data enables a partial estimate of some impacts (e.g. forest degradation), while other impacts cannot be valued at all-e.g. the effects of nitrates runoff on water quality, of dam sedimentation on water turbidity, of marine degradation on biodiversity. Therefore, the final results should be considered as orders of magnitude, which are often subject to underestimation. To reflect the uncertainty of the estimates, the paper provides ranges of values.
Results
The magnitude of the COED varies greatly among environmental categories, due to the diversity and intensity of many factors such as: sources of degradation, the natural resources affected, the population exposed, etc. Sometimes categories overlap, e.g. the impacts of dam sedimentation due to deforestation concern both water and forests. In such cases, these impacts were included in one category only, to avoid double-counting. The following paragraphs present the main valuation results for each category; a detailed description of each estimation can be found in [4] .
• Water
With a renewable water availability of 700 m Results from benefits transfer are usually less accurate than those of the original study. 4 This is based on the cost of getting water from alternative sources, which differ from a watershed to another: desalination for Souss Massa Draa watershed; water transfer for Sebou; re-use of treated wastewater; and increasing dam capacity in Oum Errabiaa watershed. • Air Ambient (outdoor) and household (indoor) pollution affect negatively human health, due to exposure to fine particulates (PM 2.5 ). This exposure led to about 5,450 premature deaths in 2014 among adults, due to ischemic heart disease, stroke, lung cancer, and chronic obstructive pulmonary disease; and among children, as a result of acute lower respiratory infections. The mortality and morbidity cases due to this exposure led to an overall cost of air pollution of about US$1.15 billion, or 1.05 percent of the GDP. Ambient air pollution is responsible for 75 percent of this cost ( Figure 2 ) and it is particularly high in Casablanca, Marrakesh and Tanger, due to large populations exposed to high levels of PM 2.5 concentration. Household air pollution is a significant problem for the rural households that use wood and coal for cooking and heating and accounts for 25 percent of the total cost. The most vulnerable groups for premature deaths from air pollution are adults over 55 years old, due to ischemic heart disease and stroke, and children under 5, due to acute lower respiratory infections.
• Agricultural land Morocco has 9 million ha of cultivated land and 30.4 million ha of permanent rangelands. Human activities (overgrazing, deforestation, urbanization) and natural factors (e.g. climate change) are degrading these areas in multiple ways.
On cultivated lands, erosion affects about 5.5 million ha of rainfed areas, while salinization affects 160,000 ha of irrigated lands; these losses are estimated at US$198 million (Figure 3 ). Degradation affects also rangelands, through clearing (65,000 ha per year), desertification (103,000 ha per year) and overexploitation (30.2 million ha). These actions cause a complete loss of benefits on rangelands subject to clearing and desertification, and a reduction in productivity and other protective services on areas subject to overexploitation-with a cost estimated at US$393 million. Overall, the total cost of agricultural land degradation is estimated at US$591 million, or 0.54 percent of the GDP 6 [20] . • Coastal zone
Extending on more than 3400 km along the Mediterranean Sea and Atlantic Ocean, coastal zone is very important for the country's economic development.
However, concentration of tourism, maritime and fishing activities in certain areas causes pressures on living ecosystems and landscapes. Overfishing is a problem affecting a variety of fish types: e.g. sardines, swordfish, cephalopod and white hake; the difference between their optimal and current stocks, costing society about US$162 million a year. Degradation of certain beaches affects national and foreign tourism through reduced recreational value, with a cost of about US$138 million. Overall, coastal zone degradation leads to a cost of US$300 million, or 0.27% of GDP [22] .
• Forests
Moroccan forests cover 9 million ha, or 12.7 percent of the country's area [23] . They are subject to several pressures: clearing (880 ha per year), fires (3415 ha per year) and other forms of degradation, such as overexploitation for wood and fodder [4] . Overall, the losses of forest benefits-wood, cork, fodder, other non-wood products and recreation-are estimated at only US$4.8 million. Fires account for about 75 percent of this damage, while deforestation stands for the remaining. It should be noted that this is a particularly underestimated figure, which does not account for losses of several forest benefits (e.g. mushrooms,
acorns, cultural value), cost of dam sedimentation (which is reflected in "water" section), and cost of carbon emissions due to deforestation and fires (which is estimated in "global environment" section).
• Global environment 
Total Cost of Environmental Degradation
Overall, the COED to Moroccan's society was estimated at about US$3.9 billion degradation at the national level (national costs) appear to be more than twice as high as those at the global level (global costs) ( Table 2) . Among national costs, water-related problems are the most important driver of degradation, followed by air pollution (Figure 4 ). Land degradation also causes significant damage, primarily due to erosion of croplands, and to conversion and desertification of rangelands. Waste is a relatively important component, mostly due to the inappropriate disposal of hazardous waste. The damage due to coastal zone degradation is considerably underestimated, as several polluting factors are captured within other categories 8 . Finally, the low cost of deforestation and forest fires is suggestive of the efforts carried out by the Government towards forest protection. For example, the costs of air pollution, land degradation and water degradation have been accounted for in separate chapters.
Conclusions and Recommendations
The study points out to the following conclusions and recommendations:
• The COED to Moroccan society is about 3.52% of GDP, while the cost of greenhouse gas emissions to the global community is 1.6% of GDP. These results show that the impacts of environmental degradation at the national level are more than twice as high as those at the global level.
• Water-related problems are the most pressing challenges. This calls for actions to preserve water resources, by reducing groundwater overexploitation and discharges of untreated industrial wastewater in water bodies. Current efforts in this direction are already supported by the World Bank in the area of groundwater (e.g. supporting the basin agency Oum Er Rbia to establish "contrat de nappes"), industrial depollution (e.g. helping the Government prepare the National Plan of Industrial Depollution), and domestic wastewater (e.g. assisting with a sanitation project set up in the framework of the National Sanitation Plan).
• Air pollution is another significant problem, particularly in large industrial cities like Casablanca, Marrakesh and Tanger. The most vulnerable groups to premature deaths from air pollution are adults over 55 years old (due to ischemic heart disease and stroke) and children under 5 (due to acute lower respiratory infections). Special attention should be targeted to these age groups when designing programs for reducing health impacts from air pollution [26] .
• An emerging area is industrial/hazardous waste, for which inappropriate management is a cause of concern both in terms of environmental and health impacts. As children under 5 are most affected by exposure to lead, identifying the main hotspots and designing programs for improving the management of this type of waste are particularly important.
• Investing in environmental protection pays off. Over the past decade, the Government of Morocco has invested significantly in policies and programs to protect its environment and natural resources. As a result, the COED has decreased (in real terms) by over twenty percent between 2000 and 2014 [1] .
